In the present study, site occupancy of Dysprosium (Dy), Samarium(Sm) doped Magnesium ferrite were investigated by electro paramagnetic resonance (EPR). Point charge calculations were used to predict the EPR spectrum of each lanthanide in A-and B-sites. Different EPR spectra are expected for A-versus B-site substitution when Sm 3+ cation it is on the A-site. EPR signal intensity suggested the amphoteric behavior due to Dy 3+ in the magnesium ferrite material as Dy 3+ was found to be a B-site dopant. These studies will be helpful for the analytical studies of permittivity and permeability to design Microstrip patch antenna to be used in pervasive computing.
INTRODUCTION
In an interesting review [1] , electron paramagnetic resonance (EPR) is listed among the less developed methods for quantitative determination of site occupancies. However, for most transition metals and for rare earth ions that are present only in small amounts (up to about l% per site), it still is the most powerful method. That is because this method gives unambiguous information about the valence state and site symmetry, and, at least for some ion.
Magnesium ferrite, doped with lanthanide (Dy-Sm) ions, has found its use as a multilayer dielectric substrate [2] . It was observed that, certain lanthanides, such as Ho, Dy, Sm and sometimes Er, can improve the resistance of the magnesium ferrite due to electrochemical or time dependent failure, when fired in low oxygen partial pressures [3] . It is already mentioned that -magic‖ dopants can choose their site occupancy as a result of the local Mg/Fe ratio and oxygen partial pressure during firing [4] and since these dopants were also termed -amphoteric‖ due to the site change of a well defined valence dopant and causing a change of the relative charge [5] .
Here EPR studies are used to investigate a series of lanthanide-doped magnesium ferrite, with the chief aim for determining the site occupancy of these lanthanides. To facilitate the detection of amphotericity, these studies for the samples that are either magnesium-rich or ferrite-rich (Mg/Fe) 1.01 or 0.99, respectively). The Mg-rich samples will drive amphoteric dopants to more frequently occupy B-sites, where as Fe-rich samples will drive such dopants more frequently into the A-sites. To determine the cubic crystalline electric field parameters for both A-and B-site locations for each particular lanthanide dopant, the analytical calculations for the point charge model is being considered Prediction of the fundamental lowest energy level of the 3 + lanthanide in both types of site becomes possible. This then allows to assess whether A-or B-site dopant locations will have different EPR spectra [6] .
THEORY, THEORETICAL RESULTS, AND DISCUSSION
It is seen that the interaction with the crystalline electric field is much weaker than the spin-orbit coupling for the lanthanide ions [7] . There a sum of all interactions is expressed as a Hamiltonian The action of the crystal field upon the free ion can partially remove the degeneracy from among the various Ґ i states.Therefore the crystalline electric field is a perturbation on the 2J + 1 degeneracy of the free-ion ground state. Here C4,k and C6,k are constants, unique to each type of coordination sphere; r4and r6are the fourth-and sixthorder ionic radii; r k is the radius of the coordination sphere (distance from the dopant to an ion in the sphere ) Z k is the charge of an ion in the coordination sphere. The terms b4 and b6 can then be found by summing b4,k and b6,k over all possible shells. Because we are performing these calculations for two different lanthanides, it is useful to factor out all the lanthanide-specific parameters that do not change as a function of k. This yields where and where From the equations set forth by Bureau et al., [8] it can be shown that the constants C4,k and C6,k can be evaluated according to the following expressions and where N is the total number of ions, i, in each shell, k, and Yl m(õi,_i) is a spherical harmonic.
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For our MgFe 2 O 4 calculations, we set the lattice constant, a 0 ,equal to 8.462 Å [9] Although MgFe 2 O 4 is rhombohedral at 10 K (the EPR measurement temperature), the ion displacement relative to the cubic prototype is quite small. [10] Consequently, the use of cubic symmetry is an appropriate approximation. 
The simulations were performed to obtain the following parameters by using C++ Programme. 
This program evaluates the spherical harmonics for each particular shell around either type of site. Fig.1 shows the first three coordination spheres around a lanthanide in A-and Bsites, respectively. Table 1 shows the shell data for the first three fourth-and sixth order terms for A-site substitution as the parameter values were substituted in Eq(5), and Table 2 shows the same for B-site substitution for the vales obtained by substituting in Eq(6)..  The site: A-site drives the rare-earth ion towards lower valence, while B-site drives it towards higher valence. This is due to both columbic and strain energy contributions.
 Thermal energy: Higher temperature drives the ions towards higher valence.
 Electron/hole concentration (and oxygen partial pressure): For a given temperature, Since the higher oxygen partial pressure give rise to higher concentration of holes and lower concentration of electrons. This drives the ions towards higher valiancy. It is already explained by [10] that the impurities choose their sites according to the local conditions during the incorporation. These impurities would not be expected to change their site at low temperatures. However, changes in valence depending on temperature and oxygen partial pressure may occur while the cation sublattice is in a meta stable state. Lea, Leask, and Wolf (LLW) performed calculations that detail the Ґ i energy levels for possible ratios of the fourth-and sixth-order coefficients [11] The occupancy of Ml, M3 (Mg), sites are shown in Fig. Ml has a larger average bond distance than M3, it should be the one that is preferentially occupied, according to the principle of size mismatch. A possible cause for the low occupancy of the M2 site (despite its having even larger average bond distance than Ml) may be the variation of the individual O bond lengths for this site, although they are not very large (0.09 and 0.02 Å for : M1andM3, respectively). 
Doping
The electronic configuration of Sm 3+ is 4f 5 with a free-ion ground state of 6H5/2. The cubic crystal field splitting is the same as that for Ce 3+. Our calculations (Table 3) predict that A site Sm 3+ has a ¡8 ground state, whereas B site Sm 3+ has a ground state of ¡6, wi th a g value of 1.429. Experimentally, no signal was observed for Sm 3+ in either Mg-rich or Fe-rich samples, though magnetic field scans were performed to field levels equivalent to g values as low as 1/2. This suggests either that, at the EPR measurement temperature of 10 K, the Sm in MgFe 2 O 4 is largely Sm 2+ or that the signal from the Sm 3+ is too broad to be detected. Though Sm 3+ has not previously been studied in MgFe 2 O 4 by EPR, it has been studied by luminescence and found to be amphoteric, occupying both A-and B-sites in MgFe 2 O 4 [13] . Furthermore, Sm 3+ at the Fe 2+ site was found to have a cubic crystal field regardless of the MgFe 2 O 4 crystal symmetry (e.g., rhombohedral, orthorhombic, tetragonal, or cubic) [14] .
Sm is known to be a 2 + as well as a 3 + ion. At high temperatures it is 3 + .The experimental data suggest that at room temperature it is also 3 + . This is in accordance with the room temperature conductivity measurements of Rotenberg et al. [15] . The lack of signal in the EPR measurements suggest that Sm 3+ cation it is on the A-site.
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Doping
We now return to our discussion of non-S-state Kramers ions, continuing with Dy 3+ whose electronic configuration is 4f9, with a free-ion ground state of 6H 15/2 . Our point charge calculation predicts Ґ 8 for Dy 3+ in the A-site and Ґ 6 for the Bsite (g Ґ 6 ) 6.667) ground states (see Table 3 ). Dy 3+ has not, to our knowledge, been observed in MgFe 2 O 4 before by EPR. The EPR spectra of Dy-doped Mg-and Fe-rich Dysprosium Samarium are shown in Fig 3. A large, signal as compared to the Fe-rich (Fig.3 EPR spectra) . The decrease in Dy 3+ intensity as the Fe concentration increases matches what one would expect for a B site dopant. A-site Dy 3+ could be reduced to Dy 2+ at low temperature by capture of an electron, thus making it invisible to EPR. The higher V Fe signal in the Fe-rich sample demonstrates the need for acceptors and suggests that during the incorporation, at high temperature, the Dy valence is 3+ on the A-site also.
CONCLUSION
Dysprosium, Samarium doped magnesium ferrites were investigated using EPR studies , for determining the site occupancy of these lanthanides (Dy-Sm). In this investigation we found that Dy 3+ was found to be a B-site dopant because of its signal intensity in EPR spectra Dy 3+ is an amphoteric dopant in MgFe 2 O 4 and its solubility limit is higher on the Bsite. For Sm 2+ dopant, lack of signals were obtained from EPR spectra. The experimentally observed doping behavior of Dy 3+ -Sm 3+ in MgFe 2 O 4 suggests that as a Sm 3+ cation it is on the A-site. The determination of Dopant site will be helpful for the analytical studies of permittivity and permeability to design Microstrip patch antenna to be used in pervasive computing.
